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______________________________________________________________________________________ 
Abstract 
The aim of this experiment was to decrease the rumen degradability rate of recycled poultry bedding 
(RPB) protein using pomegranate peel extract (PPE) as the tannin source. Furthermore, to study the effects 
of this processing method on nutrient digestibility, rumen and blood parameters, nitrogen retention, growth 
performance, carcass characteristics of male Arabi lambs, and the economic value of diets and production. 
Thirty-two Arabi lambs (19.7 ± 2.45 kg bodyweight, 90 ± 12 days old) were randomly assigned to one of four 
dietary treatments including a control and RPB treated with 20%, 25% and 30% PPE on a dry matter basis. 
Compared with the control, treatment of RPB with PPE did not affect apparent digestibility of dry matter, 
organic matter, neutral detergent fibre or acid detergent fibre. However, apparent crude protein digestibility 
decreased significantly. Dietary treatments had no effect on ruminal pH, although ammonia-nitrogen and 
blood urea nitrogen concentration decreased in diets containing RPB treated with PPE. All lambs were in a 
positive nitrogen balance and the highest nitrogen retention was observed in the dietary group that was fed 
RPB treated with 25% PPE. Adding PPE to RPB up to 25% significantly increased final bodyweight, total 
gain, average daily gain and warm carcass weight, and improved the economic values of production as it 
decreased the price of each kilogram diet and cost per unit of production (each kilogram bodyweight). The 
dry matter intake and gain efficiency were unaffected by treatments. Therefore, treatment of RPB with 25% 
PPE in the finishing diets of Arabi lambs improved growth performance and nitrogen metabolism without 
affecting feed intake and gain efficiency, and warm carcass weight, and improved the economic values of 
production.  
______________________________________________________________________________________ 
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Limitations imposed by reducing animal feed and water resources in several developing countries 
have increased livestock production costs. However, using agro-industrial by-products such as recycled 
poultry bedding (RPB) is generally considered one means to overcome this problem under certain 
circumstances (Azizi-Shotorkhoft et al., 2012).  
In Iran, the production of dry RPB exceeds 1.5 million metric tons annually (Statistical Centre of Iran, 
2013). RPB is a solid waste from the floor of poultry houses, particularly broiler houses, which contains the 
original bedding material, spilled feed, feathers and excreta. It has a favourable chemical composition, that 
is, high crude protein (CP), which ranges from 150 to 350 g/kg dry matter (DM), high mineral content 
(Rankins et al., 2002), and high DM digestibility (650 - 680 g/kg DM, Mavimbela & Van Ryssen, 2001), 
suggesting that RPB has the potential to be a ruminant feedstuff. However, owing to the presence of 
pathogenic bacteria it must be processed before it is fed to ruminant animals (Rankins et al., 2002). Crude 
protein in RPB is present in two forms, namely true protein (TP) and non-protein N (NPN), of which TP 
accounts for the greater proportion (549 g/kg DM) (Azizi-Shotorkhoft et al., 2012). Most of the NPN of RPB is 
uric acid, which undergoes rapid degradation in the rumen (Animut et al., 2002). 
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Common protein supplements are not metabolized efficiently (i.e. hydrolysed to ammonia-nitrogen) in 
the rumen, resulting in decreased efficiency and utilization of protein metabolism and consequently animal 
performance (Tamminga & Hobson, 1996). Processing dietary protein to protect it from rumen microbial 
degradation without sacrificing nitrogen (N) requirements for microbial growth increases the flow of amino 
acids to the duodenum (Jolazadeh et al., 2015). This can lead to an improvement in protein utilization, and 
potentially increased muscle deposition (Abarghuei et al., 2014).  
Studies have shown beneficial effects of plant secondary metabolites (PSM) such as tannins on 
ruminal fermentation parameters and reduction of ruminal degradation of CP (Alipour & Rouzbehan, 2010; 
Jolazadeh et al., 2015). Additionally, Min et al. (2003) found that dietary tannins at a level of 20 - 45 g/kg 
dietary DM improved average daily gain (ADG) in steers that grazed winter wheat. However, in the study of 
Dentinho et al. (2007), treatment of soybean meal with tannin extracted from Citrus ladanifer decreased its 
effective rumen degradability and in vitro intestinal protein digestibility at low doses (i.e., 12.5, 25 and 50 g 
total phenol/kg). Responses to dietary tannin supplementation are variable, and depend on the type, source 
and amount of tannin, the basal diet and the animal receiving the supplementation (Patra & Saxena, 2011).  
Pomegranate peel is produced by extracting the juice from pomegranates and these by-products are 
produced in Iran at approximately 120 000 metric tons annually (Mirzaei-Aghsaghali et al., 2011). The 
product contains several PSMs, such as saponin, polyphenolic compounds, primarily punicalagin and ellaggi 
tannins (Mirzaei-Aghsaghali et al., 2011). In most cases, PSM extraction uses costly solvents such as 
methanol, ethanol and acetone (Makkar, 2003), but water is inexpensive and easy to handle at farm level. 
Therefore, the objectives of the present study were to assess the effects of reducing the degradability rate of 
RPB as an inexpensive supplemental protein in rumen with various levels of PPE on nutrient digestion, 
rumen parameters, performance, and economical value of diets and meat production in finishing lambs. 
 
Materials and Methods 
All experimental procedures were conducted according to The Care and Use of Agricultural Animals in 
Research and Teaching (FASS, 2010) guidelines. All procedures and guidelines involving animals were 
approved by the Animal Experiment Committee at Khuzestan Agricultural Sciences and Natural Resources 
University. 
The RPB was collected from commercial broiler farms and prepared at the main factory in Sabzevar, 
Iran. To remove pathogenic bacteria and improve its quality, the material was humidified up to 23% and then 
thermally processed by indirect vapour pressure at 75 - 85 °C for 20 min. The thermal processing method 
had a favourable effect on decreasing pathogenic bacteria in RPB, as it decreased the total population of 
pathogenic bacteria, Escherichia coli and Salmonella, significantly (Badiee Baghsiah, 2011). 
Two metric tons of pomegranate peel were obtained from the factory in Baghmalek (Khuzestan 
Province, Iran), which used similar varieties and processing methods. A two-step extraction process was 
performed according to the procedure of Capparucci et al. (2011). In the first step, sun-dried pomegranate 
peel was ground through a 0.5 mm screen and soaked in water at a ratio of 1 : 10 (w/v) for 24 hours. 
 
 




Diets (level of treated RPB)1 
 0 20 25 30 
      
Dry matter 875 900 885 884 879 
Crude protein 203 224 209 207 202 
Neutral detergent fibre 75.0 350 291 289 288 
Acid detergent fibre 57.5 195 175 173 170 
Ash 253 147 164 167 169 
Total phenolic 151 0 30.2 37.8 45.5 
Total tannins 111 0 22.2 27.8 33.5 
      
RPB: recycled poultry bedding 
PPE: pomegranate peel extract 
RPB treated with PPE at the levels of 0% (control), 20%, 25% and 30% of DM 
1 Non-protein nitrogen (NPN) content of RPB was 402 g/kg total nitrogen 
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In the second step, the aqueous pomegranate peel was filtered and boiled to yield PPE. RPB was treated 
with PPE at levels of 0%, 20%, 25% and 30% of DM. The chemical compositions of RPB, PPE and RPB that 
were treated with various levels of PPE are presented in Table 1.  
Total phenolics and total tannin measurements were as described by Makkar (2000). Total phenol was 
determined using Folin-Ciocalteu’s reagents, and the concentration was measured as tannic acid equivalent 
using tannic acid (Merck, Munich, Germany) as standard. Total tannins were measured as described by 
Makkar (2000). 
Thirty-two male fat-tailed Arabi lambs (19.7 ± 2.45 kg bodyweight) at 90 ± 12 days old were randomly 
assigned to the four dietary groups using a completely randomized design (eight lambs per dietary 
treatment). The animals were housed individually in concrete floor pens (1.3 × 1.2 m) in a closed shed. All 
animals were allowed an adaptation period of 14 days, followed by a data collection period of 64 days (total 
78 days). The initial 14 days were regarded as adaptation of the animals to the experimental diets, individual 
pens and experimental conditions. During the adaptation period, the amount of RPB that was treated with 
various levels of PPE was gradually increased in the diet offered to each animal to reach the levels regarded 
as the experimental levels in the dietary treatments. At the start of the adaptation period, all animals were 
treated for parasites, namely external parasites (1 mL Azantole 10% per 7 L of water, as spraying method) 
(Bayer AG, Barmen, Leverkusen, Germany) and internal parasites (Phelonil, mixture of 50 mg 
triclabendazole and 5.37 mg levamisole hydrochloride per mL, 12 mL per lamb) (Darou-Pakhsh Co., Iran) 
and were vaccinated against enterotoxaemia (3 mL enterotoxaemia vaccine per lamb) (Razi Vaccine and 
Serum Research Institute, Iran). 
 
 
Table 2 Ingredients and chemical composition (g/kg DM or as stated) of the experimental diets containing 
recycled poultry bedding treated with different levels of pomegranate peel extract 
 
 Diets (level of treated RPB)1 
 0 20 25 30 
Ingredients, g/kg DM     
Alfalfa hay 150 150 150 150 
Wheat straw 50 50 50 50 
Corn silage 50 50 50 50 
Treated RPB 180 180 180 180 
Soybean meal  40 40 40 40 
Corn grain, ground 169 169 169 169 
Barley, ground 250 250 250 250 
Wheat bran 100 100 100 100 
Urea 2.0 2.0 2.0 2.0 
Salt 2.5 2.5 2.5 2.5 
Magnesium oxide 1.0 1.0 1.0 1.0 
Sodium bicarbonate 2.0 2.0 2.0 2.0 
Minerals and vitamins 3.0 3.0 3.0 3.0 
Nutrient composition, g/kg DM or as stated    
Dry matter 878 877 875 872 
Organic matter 813 812 810 808 
Crude protein 157 153 151 149 
Neutral detergent fibre 304 300 293 290 
Acid detergent fibre 167 164 162 160 
Lignin (sa) 29.6 27.0 26.9 26.7 
Metabolizable energy (Mcal/kg DM)  2.51 2.49 2.48 2.47 
     
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25% and 30% of DM 
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Four iso-energetic and iso-nitrogenous diets (Table 2) containing RPB (18% of DM) that was treated 
with different levels of PPE (0%, 20%, 25% and 30% of DM) were formulated to meet the nutrient 
requirements of growing lambs at 3 - 6 months old with a growth rate of 250 g/day and a dry matter intake 
(DMI) of 1300 g/day (NRC, 2007).  
The levels of PPE in the present study were selected from the authors’ in vitro screening experiment 
by supplementing RPB with different levels of PPE (0%, 5%, 10%, 15%, 20%, 25%, 30% and 35%) of dietary 
DM (Sharifi et al., 2017)). The experimental diets did not differ in types and proportions of ingredients, except 
for RPB, which was treated with different levels of PPE. The diets, which were fed as a total mixed ration 
(TMR), were offered to the lambs ad libitum twice daily at 8:00 and 17:00 to ensure a level of 5% orts (Azizi-
Shotorkhoft et al., 2015).  
Feed consumption and orts were recorded daily during the experiment to determine DMI. The 
moisture contents of corn silage and TMR were determined weekly and used to make ration adjustments. 
Samples of TMR and refusals were collected weekly and stored at -20 °C until analyses. All lambs were 
weighed individually at the beginning and end of the experiment and at 16-day intervals before the 8:00 
feeding, after 16 hours of feed deprivation. For each lamb, ADG was calculated by linear regression analysis 
of bodyweight versus time. Gain efficiency was calculated as g ADG per daily DMI (g). 
To measure nutrient digestibility and N balance, all lambs were transferred to individual metabolism 
cages on day 43 of the trial. After a seven-day adaptation period, samples of feeds and faeces that had been 
collected over six days, were weighed, and a 10% representative sample was frozen for subsequent 
analysis. Total apparent digestibility of DM, organic matter (OM), crude fibre (CP), neutral detergent fibre 
(NDF) and acid detergent fibre (ADF) was measured using the total faecal collection method (Givens et al. 
2000). During the collection period, urine was collected in buckets containing 100 mL of sulphuric acid 
(H2SO4, 10% v/v), and urine samples (100 mL) were stored at -4 °C. At the end of the collection period, an 
aliquot of the urine samples was sampled and analysed for total urinary N.  
At the end of the experiment, all animals were weighed after 16 hours of feed deprivation and 
dispatched by exsanguination using conventional humane procedures (Azizi-Shotorkhoft et al., 2015). After 
complete bleeding, the animals were skinned, and external organs (skin, head and feet) were separated and 
weighed. All carcasses were eviscerated and internal organs or tissues, including the heart, liver, kidneys, 
spleen, lungs, kidney-pelvic-gut fat (internal fat) and digestive tract, were separated and weighed. Empty 
bodyweight was obtained by subtracting the weight of the digestive contents from harvest weight. Lamb 
carcases were weighed and halved carefully. Then, the right sides were cut into six wholesale cuts, namely 
neck, shoulder, brisket, loin, legs and fat tail, and weighed separately (Kyanzad, 2001). Back-fat thickness of 
the left side of carcasses was measured over the deepest part of the loin-eye muscle. 
For economic evaluation of the experiment, the efficiency of production (return on investment and cost 
per unit production) was obtained using these equations (Anderson et al., 2005): 
 
Return on investment = income/expenses 
Cost per unit production = expenses/produce 
 
Return on investment per lamb was calculated as income from the sale of 1 kg live weight gain divided 
by cost of feed for 1 kg of live weight gain. For individual lambs, the cost per unit production was computed 
as the cost of feed offered for total bodyweight gain (as US dollar) divided by total bodyweight gain (kg).  
Rumen liquor samples (40 - 50 mL) were taken via stomach tube from all lambs on day 54 of the trial 
three hours after the morning feeding. The first 10 to 20 mL rumen liquor collected from each lamb was 
discarded to limit saliva contamination (Jasmin et al., 2011) and pH was measured immediately after 
sampling. Thereafter, the samples were strained through three layers of muslin before 5 mL was collected 
into 1 mL 0.2 N HCl to stop fermentation, after which they were transported to the laboratory and frozen  
(-20 °C) for ammonia analysis. On day 55 of the experiment, blood samples were taken from all lambs by 
jugular venipuncture into vacutainers containing lithium heparinate, three hours after the morning feeding,. 
Plasma was obtained by centrifugation at 1500 × g for 20 min and frozen at -20 °C for subsequent analysis. 
The RPB, PPE, experimental diets, orts and faeces were oven-dried at 55 °C, and ground to pass 
through a 1-mm sieve (Wiley mill, Swedesboro, USA). Dry matter, ash, N and ether extract were analysed 
according to AOAC (2005) procedures 930.15, 924.05, 984.13 and 954.02, respectively. Neutral detergent 
fibre was determined without using sodium sulphite and amylase treatment, and was corrected for residual 
ash (Van Soest et al., 1991). Acid detergent fibre was determined and corrected for residual ash (# 973.18) 
(AOAC, 1990). Lignin (sa) was determined by solubilizing cellulose with 720 g/kg sulphuric acid (Robertson 
& Van Soest (981). After thawing, rumen liquor was analysed for ammonia-N according to Broderick & Kang 
(1980). Plasma metabolites, including glucose, triglycerides, urea, blood urea-N (BUN), total protein and 
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albumin, were determined by spectrophotometry (Jenway, Genova, UK) using kits manufactured by Pars 
Azmun Diagnostics (Tehran, Iran).  
A balanced completely randomized design was used to determine the effect of RPB treated with 
various levels of PPE on different parameters. Data were analysed by the general linear model (GLM) 
procedures of SAS (SAS Institute, 2001), based on the statistical model: 
 
Yij = µ + Ti + eij 
 
where:  Yij is observation (digestibility, ruminal parameters and blood biochemical metabolites, N balance, 
and growth performance),  
µ is the general mean  
Ti is the effect of different levels of PPE  
eij is the standard error of means  
 
The performance data were adjusted using initial bodyweight as a covariate. Differences among 
means were tested using the Duncan method. 
  
Results 
Treatment of RPB with PPE did not affect (P >0.05) the apparent digestibility of DM, OM, NDF and 
ADF (Table 3). However, apparent CP digestibility in the diets containing PPE decreased (P <0.05) relative 
to the control treatment.  
 
 
Table 3 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on apparent nutrient digestibility in male Arabi lambs 
 
 Level of treated RPB1 
SEM P-value 
 0 20 25 30 
       
Apparent digestibility, %       
Dry matter 78.6 79.2 80.1 77.9 0.89 0.12 
Organic matter 79.5 80.1 81.7 79.4 0.82 0.27 
Crude protein 82.0a 80.0b 79.7b 78.7b 0.48 <0.01 
Neutral detergent fibre 72.7 73.1 73.2 71.7 1.11 0.62 
Acid detergent fibre 69.2 69.1 70.5 68.4 1.44 0.63 
       
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25%, and 30% of DM 
SEM, standard error of mean 
a,b Means within a row with different superscripts differ significantly (P <0.05) 
 
 
Dietary treatments had no effect (P >0.05) on ruminal pH, although ammonia-N concentration in the 
diets containing RPB treated with PPE decreased (P <0.05) compared with the control (Table 4). Plasma 
urea and BUN decreased (P <0.05) in lambs that were fed diets that contained RPB treated with PPE. The 
lowest concentrations were observed in PRB that was treated with the highest level of PPE (i.e., 30% of DM) 
(Table 4) relative to RPB that was free of PPE. Other plasma biochemical metabolites such as glucose, 
triglycerides, albumin and total protein did not differ (P >0.05) among the experimental lambs. 
Nitrogen intake and N excreted via faeces were not affected by feeding PRB treated with PPE (Table 
5), but total N excretion and N excreted via urine were reduced (P <0.05). All lambs were in positive N 
balance and the highest and lowest (P <0.05) N retention was observed in lambs fed RPB treated with 25% 
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Table 4 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on ruminal parameters and blood metabolites of male Arabi lambs 
 
 Level of treated RPB1 
SEM P-value  0 20 25 30 
       
Ruminal parameters       
pH 6.22 6.27 6.33 6.40 0.130 0.77 
Ammonia nitrogen, mg/100 mL 17.6a 16.1ab 15.3b 14.4b 0.58 0.02 
Blood parameters, mg/100 mL        
Glucose 60.2 62.4 61.6 59.2 1.56 0.53 
Triglyceride 38.3 38.8 40.9 38.7 0.55 0.18 
Urea 11.0a 9.7ab 8.8b 8.5b 0.51 0.02 
Blood urea nitrogen 5.08a 4.41ab 3.96b 3.90b 0.230 0.02 
Total protein 8.9 7.8 8.1 8.2 0.39 0.48 
Albumin 5.28 5.39 5.06 5.09 0.250 0.75 
       
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25%, and 30% of DM 
SEM, standard error of mean 
a,b Means within a row with different superscripts differ significantly (P <0.05) 
 
 
Table 5 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on nitrogen balance of male Arabi lambs 
 
 Level of treated RPB1 
SEM P-value 
 0 20 25 30 
       
Nitrogen (N) intake, g/day  32.8 31.5 32.7 30.5 0.60 0.10 
Faecal N excreted, g/day 10.3 10.5 10.7 11.5 0.32 0.12 
Urinary N excreted, g/day 12.9a 11.5b 10.5c 10.2c 0.23 <0.01 
Total N excreted, g/day 23.3a 21.9ab 21.1b 21.7b 0.42 0.04 
Retained N, g/day 9.5ab 9.6ab 11.7a 8.9b 0.55 0.04 
Retained N, g/kg BW 0.29b 0.28bc 0.32a 0.27c 0.004 <0.01 
Retained N, g/kg BW0.75 0.69b 0.68b 0.79a 0.65c 0.006 <0.01 
       
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25% and 30% of DM 
SEM, standard error of mean 
a,b,c Means within a row with different superscripts differ significantly (P <0.05) 
 
 
The highest (P <0.05) final bodyweight, total gain and ADG were observed in RPB treated with 25% 
PPE compared with the control RPB (Table 6). However, DMI and GE were not affected (P >0.05) by the 
inclusion level of PPE in RPB. 
The highest (P <0.05) warm carcass weight (HCW) was observed in RPB treated with 25% PPE, 
relative to lambs fed other rations (Table 7). However, empty bodyweight, dressing percentage, digestive 
contents, empty digestive tract, empty rumen and back-fat thickness and weights of neck, shoulder, brisket, 
loin, leg and fat tail were not affected (P >0.05) by feeding RPB treated with various levels of PPE. Weights 
of carcass cuts (i.e. neck, shoulder, brisket, loin, legs and fat-tail) and offal parts (i.e., skin, head, feet, 
internal fat, liver, heart, kidneys, lung and spleen) were also unaffected (P >0.05).  
 
 




Table 6 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on growth performance of male Arabi lambs 
 
 Level of treated RPB1 
SEM P-value 
 0 20 25 30 
       
Initial bodyweight, kg  19.6 20.3 20.0 19.0 0.56 0.7 
Final bodyweight, kg 33.3b 34.3b 36.5a 32.9b 1.11 0.04 
Total gain, kg 13.7b 14.0b 16.5a 13.9b 1.01 0.05 
Dry matter intake, kg/day 1.3 1.3 1.4 1.3 0.12 0.59 
Average daily gain, g/day 214b 219b 255a 218b 10.9 0.04 
Feed efficiency2 0.16 0.17 0.19 0.17 0.014 0.23 
       
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25%, and 30% of DM 
2 Ratio of average daily gain (g) to dry matter intake (g) 
SEM, standard error of mean 
a,b Means within a row with different superscripts differ significantly (P <0.05) 
 
 
The highest and lowest returns on investment (Table 8) were obtained in diets containing 25% and 
20% tannin extract (P <0.05). The highest and lowest costs per unit production were obtained in diets 
containing 20% and 25% tannin extract (P <0.05). 
 
Discussion 
In the present study, similar nutrient digestibility (i.e. DM, OM, NDF and ADF) from PPE-treated RPB 
inclusion in the diet was probably because in the experimental diets, the concentration of tannins was below 
the level at which their detrimental effects on rumen microbes are observed. Generally, condensed tannins at 
a level greater than 55 g/kg diet DM have negative effects on nutrient digestibility (Min et al., 2003). 
According to McAllister et al. (1994), condensed tannins bind to dietary compounds or rumen bacteria, 
decrease bacterial attachment to feed particles, and consequently decrease nutrient digestibility. Consistent 
with the current results, Jolazadeh et al. (2015) reported that treatment of soybean meal with various levels 
of pistachio extract concentrate to Holstein bulls did not affect nutrient digestibility. 
The reduction of CP digestibility by treatment of RBP with PPE was possibly due to a binding effect of 
the both true protein (TP) and non-protein N (NPN) contents of RPB with PPE (Dschaak et al., 2011), 
thereby protecting them from ruminal proteolysis (Jolazadeh et al., 2015). In agreement with these 
observations, Harley et al. (2017) reported that hydrolysable tannins might reduce the digestibility of nutrients 
(i.e. carbohydrates and minerals), particularly proteins. Rahimi et al. (2014) also indicated that 
supplementing Balochi lamb diets with pistachio hulls decreased the digestibility of CP. Variations in 
digestibility among studies that used PSM as feed additives may relate to the concentration and chemical 
composition of the metabolites, and the plant source (Jolazadeh et al., 2015). 
In all lambs in the present study, mean ruminal pH values were within the normal physiological range 
(Dschaak et al., 2011). Different responses (i.e. increase, decrease or without effect) on ruminal pH by 
supplementing ruminant diets with tannins have been reported (Dschaak et al., 2011). Ruminal ammonia-N 
concentration in all experimental lambs was higher than the minimum level (i.e. 5 mg/dL) required to support 
optimum rumen microbial growth (Griswold et al., 2003). The decreased ruminal ammonia-N concentration 
observed when feeding RPB treated with PPE could be explained by the formation of tannin-protein 
complexes in the rumen, which probably resulted in a reduced degradation of ruminal protein. Indeed, the 
observed reduction in CP digestibility (Table 3) by inclusion of PPE-treated RPB confirms these results. 
Consistent with these results, Jolazadeh et al. (2015) reported that ruminal ammonia-N concentration of 
Holstein bulls decreased when they were fed soybean meal treated with pistachio extract concentrate. 
As expected, the reduction of ruminal ammonia-N concentration in lambs consuming RBP treated with 
PPE was accompanied by lower blood urea and BUN contents (Table 4). Indeed, Azizi-Shotorkhoft et al. 
(2012) observed a positive correlation between ruminal ammonia-N and BUN concentrations 
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Table 7 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on carcass characteristics of male Arabi lambs 
 
 Level of treated RPB1 
SEM P-value 
 0 20 25 30 
       
Harvesting data        
Empty bodyweight, kg 29.2 30.2 32.3 28.8 1.22 0.25 
Warm carcass weight, kg 17.5b 17.8b 18.8a 17.4b 0.43 0.04 
Dressing percentage, % 52.1 51.9 51.8 52.5 1.85 0.57 
Digestive contents, kg 3.4 3.0 3.1 3.2 0.42 0.94 
Empty digestive tract, kg 3.1 3.5 3.3 3.1 0.29 0.74 
Empty rumen, kg 0.63 0.62 0.72 0.60 0.050 0.38 
Back-fat thickness, mm 7.1 7.3 7.0 7.0 0.34 0.74 
Carcass components       
Neck (kg) 0.74 0.73 0.77 0.73 0.034 0.83 
Shoulder (kg) 2.87 2.96 3.36 2.96 0.20 0.37 
Brisket (kg) 3.76 4.09 4.43 3.87 0.19 0.12 
Loin (kg) 2.24 2.52 2.19 2.38 0.14 0.34 
Leg 4.88 4.96 5.23 4.85 0.12 0.16 
Tail (kg) 1.58 1.72 1.79 1.56 0.08 0.16 
Other components       
Skin (kg) 4.81 5.41 5.61 5.11 0.44 0.16 
Head (kg) 1.48 1.64 1.81 1.62 0.09 0.17 
Feet 1.07 0.83 0.90 0.82 0.082 0.19 
Internal fat (kg) 0.22 0.24 0.21 0.24 0.019 0.58 
Liver (kg) 0.62 0.61 0.67 0.59 0.05 0.13 
Lung (kg) 0.39 0.40 0.42 0.36 0.019 0.27 
Heart (kg) 0.12 0.16 0.18 0.15 0.018 0.23 
Kidney (kg) 0.12 0.11 0.13 0.13 0.012 0.66 
Spleen (kg) 0.047 0.053 0.060 0.047 0.008 0.57 
Testicles (kg) 0.12 0.14 0.12 0.11 0.009 0.24 
       
RPB: recycled poultry bedding 
1 RPB treated with pomegranate peel extract at the levels of 0% (control), 20%, 25%, and 30% of DM 
SEM: standard error of mean  
a,b Means within a row with different superscripts differ significantly (P <0.05) 
 
 
Table 8 Effect of feeding recycled poultry bedding treated with different levels of pomegranate peel extract 
on economic analysis of male Arabi lambs 
 
 Level of treated RPB 
SEM P-value 
 0 20 25 30 
       
Price of each kilogram diet1 0.257 0.230 0.228 0.224 - - 
Price of each kilogram body weight1 0.394 0.394 0.394 0.394 - - 
Return on investment 1.39c 1.25c 2.06a 1.66b 0.028 0.01 
Cost per unit of production 0.717b 0.798a 0.485d 0.603c 0.002 0.01 
       
RPB: recycled poultry bedding 
1 All costs in US dollar at the moment of conducting the experiment. 
a,b,c,d Means within a row with different superscripts differ significantly (P <0.05) 
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Decreasing urea and BUN concentrations in lambs fed diets containing PPE could not change albumin 
and total protein concentrations in the plasma of those fed the former diets. The reduction of BUN may be 
due to decreased ruminal proteolysis and a decline in ammonia production and reduced absorption of 
ruminal ammonia to blood (Abarghuei et al., 2014). Glucose and triglyceride concentrations in plasma were 
unchanged by experimental diets, probably because DMI was similar among experimental lambs. Results 
from the current study confirm the findings by Jolazadeh et al. (2015), who indicated that treatment of 
soybean meal with various levels of pistachio extract concentrate did not affect the concentrations of glucose 
and triglyceride in Holstein bulls. Additionally, Abarghuei et al. (2014) reported that blood glucose, albumin 
and triglyceride concentrations were not changed by supplementing dairy cow diets with PPE, although 
blood BUN decreased linearly rumen liquor with added PPE. Contrary to the current results, Makkar (2003) 
found that condensed tannin increased the molar proportion of propionate, a glucogenic precursor that is 
formed in the rumen, which may increase the concentration of plasma glucose. 
The higher N retention observed in lambs fed RPB treated with 25% PPE compared with those fed 
with RPB that was free of PPE (without tannin) may be attributed to protecting dietary protein from ruminal 
degradation, and shifting its digestion and absorption to the small intestine. The increase in urinary N 
excretion (Table 5) and lower ruminal ammonia-N (Table 4) when feeding RPB treated with PPE confirm 
these results. Another possible explanation is a better optimization of rumen fermentation through the 
gradual release of the NPN in RPB treated with PPE. The greatest part of NPN content of RPB is in the form 
of uric acid, and the formation of uric acid-tannins complexes is possible. Binding between tannins and 
proteins is largely by hydrogen bond formation between the phenolic hydroxyl groups of the tannins and the 
carbonyl groups of the proteins (Harumen liquorey et al., 2017). Azizi-Shotorkhoft et al. (2012) also reported 
that optimizing the rate of degrading the CP content of RPB decreased ruminal ammonia-N improved 
microbial protein synthesis. In agreement with the current results, Aguerre et al. (2016) observed an 
improvement in retained N in dairy cows fed quebracho-chestnut tannin compared with a control diet. They 
illustrated that the improvement in N balance in sheep fed tannins was due to increased recycling of N from 
the blood to the rumen, which more than compensated for some faecal N loss in these diets. However, in the 
study of Rahimi et al. (2014), N retention was unaffected by replacing various levels of alfalfa with pistachio 
hull in the diet of Balochi male lambs.  
In the present study, because DMI was unchanged among the experimental diets, this was probably 
related to the relatively similar chemical composition and physical form of the diets, because the composition 
and physical characteristics of feed affect feed intake (Karimizade et al., 2017). Consistent with the current 
results, in the study of Jolazadeh et al. (2015) with Holstein bulls, the treatment of soybean meal as a protein 
supplement with various levels of pistachio extract concentrate as a tannin source did not affect DMI.  
Despite similar DMI among experimental diets, the level of 25% tannin supplementation improved 
lamb performance. The increased FBW, TG and ADG in lambs fed RPB treated with 25% PPE compared 
with the others was probably due to an increased amino acid flow to the duodenum, and consequently higher 
retained N. Jolazadeh et al. (2015) also reported increased ADG and feed efficiency in Holstein bulls fed 
soybean meal treated with increasing levels of pistachio extract concentrate.  
Increased HCW in lambs fed diets containing 25% PPE compared with those fed 30% PPE may have 
been due to higher FBW and N retention in the 25% PPE treatment. The numerically greater carcass cuts in 
lambs fed RPB treated with 25% PPE was also associated with their better FBW (Hailu et al., 2011). 
The highest return on investment and lowest cost per unit production were obtained in the diet 




According to the current results, the treatment of RPB with 25% PPE as a source of phenolic materials 
and tannin in the diet of lambs as an inexpensive protein source, had the best results, and improved FBW, 
total gain, ADG and economic value of diets and meat production. This treatment increased the retention of 
N, decreased nitrogen excretions, and improved N metabolism. 
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